Background/Aims: Endothelial-mesenchymal transition (EndMT) has been shown to take part in the generation and progression of diverse diseases, involving a series of changes mesenchymal cells. Low-intensity pulsed ultrasound (LIPUS) is a new therapeutic option that has been successfully used in fracture healing. However, whether LIPUS can inhibit oxidative stress-induced endothelial cell damages through inhibiting EndMT remained unknown. This study aimed to investigate the protective effects of LIPUS against oxidative stress-induced endothelial cell damages and the underlying mechanisms. Methods: EndMT was induced by H 2 O 2 (100 µm for seven days). Human aortic endothelial cells (HAECs) were exposed to H 2 O 2 with or without LIPUS treatment for seven days. The expression of EndMT markers (CD31, and AKT proteins were detected by Western Blot analysis. Cell chemotaxis was determined by wound healing and transwell assay. Results: LIPUS relieved EndMT by decreasing ROS
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Introduction
The vascular endothelium is a critical player in the pathogenesis and progression of coronary artery disease [1] , hypertension [2] , diabetic cardiomyopathy [3] , stroke and heart failure [4] . Vascular remodeling is a process responsible for the complex, dynamic interactions between different cell types, including endothelial cells, mesenchymal smooth necessary and essential for the remodeling process. Previous studies showed that oxidative stress played a key role in the pathogenesis of endothelial dysfunction [7] [8] [9] . However, the mechanisms for oxidative stress-induced endothelial injury are poorly understood. EndMT is considered a part of the initial phase of coronary heart disease due to its promoting effects endothelial cells [10, 11] . It is known that hydrogen peroxide (H 2 O 2 ) can induce EndMT [12] , which may contribute to vascular diseases and endothelial cell dysfunction. In addition, accumulation of reactive oxygen species (ROS) can directly damage endothelial cells and indirectly modulate endothelial cell function via altering expression and function of the morphological changes with loss of their endothelial characteristics and gain of mesenchymal Ultrasound is a type of sound with high frequencies beyond the audible range for humans (>20 kHz). Ultrasonography is a widely used therapeutic equipment that delivers ultrasound transmission medium to oscillate or vibrate. Mechanical stimulation of cell surface occurs during the energy delivery process. Over the past 30 years, LIPUS has been used as a principal to ameliorating left ventricular remodeling in mice with post-myocardial infarction [17] . However, the studies on the role of LIPUS in endothelial injury have been rather sparse.
In this study, we aimed to investigate the role of LIPUS in regulating endothelial injury and the underlying mechanisms. We demonstrated that LIPUS protected the endothelium against oxidative stress injury in EndMT by activating the PI3K/AKT signaling pathway. Meanwhile, LIPUS reduced cell migration and down-regulated the expression and activities of MMP-1, MMP-2, MMP-9, MMP-12, collagen 1A and collagen 3A.
Materials and Methods
Cell culture
Commercial human aortic endothelial cells (HAECs) were obtained from ScienCell Research with endothelial cell growth supplement, 10% FBS, penicillin (100 µg /mL), and streptomycin (100 µg/ 
MTT assay 2 for
Determination of reactive oxygen species (ROS)
Biotechnology Co., Nanjing, China) according to the manufacturer's protocols [19] .
Western Blot analysis
The total protein was extracted from HAECs, following the procedures essentially the same as described 2 h. The blots were probed by primary antibodies was used as an internal control. Western Blot bands System (LI-COR, Lincoln, NE, USA) by measuring band
Real-time polymerase chain reaction (PCR)
FSP1, MMP-1, MMP-2, MMP-9, MMP-12, collagen1A
PCR. Total RNA samples from cultured HAECs were extracted using Trizol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's controls [21, 22] . The primer sequences are provided in Table 1. with blocking solution (0.01 g/mL BSA and 0.3% Wound healing assay monolayer of cells was scratched with a straight line using a sterile 100 µl pipette tip. The wounds between the edges of the scratch were measured for quantitative analysis of cell migration. Wound width = wound area/wound high in each group [24] .
Statistical analysis
Results
Effects of the LIPUS therapy on oxidative stress-induced HAECs dysfunction
The LIPUS signal consisted of a 1.0 MHz frequency, followed by a pulse width of 200 ms with an intensity distribution of 1-100 mW/cm 2 ( Fig. 1A) . LIPUS increased cells viability in an intensity-dependent manner with the greatest effect at an intensity of 47.12 mW/cm 2 investigate the effects of LIPUS on HAECs under oxidative stress, we treated cells with 100 µM H 2 O 2 appearance and adopted a dispersed, spindle-shaped morphology in the presence of H 2 O 2 . These abnormal alterations were reversed by LIPUS. There was no difference in the cellular morphology between the control and LIPUS stimulated cells (Fig. 1C) . 
LIPUS protects HAECs against EndMT induced by oxidative stress
Inhibition of ROS decreases oxidative stress-induced EndMT in endothelial cells
The cells exposed to H 2 O 2 yet this detrimental alteration was minimized by LIPUS (Fig. 3A) . Under normal conditions, ROS. However, excess ROS generation exceeding the capacity of endogenous oxidant defense system shifts the balance toward oxidative stress. To assess whether anti-ROS effects of LIPUS are related to the endogenous pro-and anti-oxidants, we determined the changes 
LIPUS activates the PI3K/AKT signaling pathway
The phosphatidylinositol 3-kinase (PI3K)/AKT pathway is a key driver in the vascular 2 O 2 -treated HAECs (Fig. 4A) . As expected, p-AKT (Ser473) was also reduced and this inhibition was reversed by LIPUS. However, in the absence of H 2 O 2 , the levels of PI3K and p-AKT remained pretreated HAECs with LY294002 to prevent PI3K/AKT activation in the presence of H 2 O 2 . As anticipated, under such conditions, LIPUS lost its ability to upregulate the expression 
Effects of LIPUS on migration of HAECs under oxidative stress
we examined cell migration by wound healing and transwell assays. As illustrated in Fig. 7A and Fig. 7B , H 2 O 2 and LIPUS suppressed the H 2 O 2 -induced cell migration in a time-dependent fashion from 24
To get further insight into the mechanistic link, we tested the effects of LIPUS on the expression of extracellular matrix (ECM)-related genes that are known to play a crucial role in the stability of cell phenotypes [27] . Our data uncovered that under oxidative stress, MMP1, MMP2, MMP9 and MMP12 were upregulated, and LIPUS mitigated the deleterious effects of H 2 O 2 ( Fig. 7E and Fig. 7F ). Consistently, compared to normal cells, the cells under Oxidative stress, as an adaptive response or repair mechanism, has been reported to play a role in the pathogenesis of various cardiovascular disease including coronary artery This study demonstrated that H 2 O 2 -mediated oxidative stress induced EndMT in HAECs as indicated by the marked increases in the expression of mesenchymal cell marker genes and concordant decreases in endothelial cell marker genes, and these EndMT-related changes were abolished by LIPUS, indicating the anti-EndMT property of this ultrasound treatment.
Oxidative stress is a redox state with overproduction of ROS in cells which can cause severe damages to cells and tissues [2, 42, 43] . In particular, depletion of ROS reverses the EndMT process in HAECs [44] . LIPUS has been documented to reduce ROS accumulation via -dative stress-induced arterial endothelium injuries.
The PI3K/AKT pathway is known to be involved in several cellular processes, including is a crucial growth factor that delivers signals from receptor tyrosine kinases to downstream factors including protein kinase B (PKB, aka AKT). PI3K is also a pivotal element of the insulin signaling pathway [49] . The central role of PI3K/AKT signaling in this complex network of
In this study, we found that the PI3K/AKT pathway was activated by LIPUS in endothelial increased in endothelial cells under oxidative stress, which was recovered by LIPUS. This provides a possible mechanistic explanation for the role of LIPUS in HAECs migration through their regulatory function in type I and type III collagens degradation. Furthermore, among different types of MMPs, MMP-1, MMP-2, MMP-9 and MMP-12 are the crucial factors study showed that LIPUS stimulation down-regulated the levels of MMP-1, MMP-2, MMP-9 and MMP-12 under oxidative stress condition. In response to oxidative stress, endothelial cells can modulate phenotypic switch through activating cell migration and enhanced collagen I synthesis. While oxidative stress with athero-progression may promote EndMT, enhanced apoptosis may potentially act as a compensatory mechanism to maintain a relatively constant proportion of intimal EndMTderived cells in advanced lesions. Chronically low-level apoptosis could enhance plaque and the migration of EndMT-derived mesenchymal-like cells. LIPUS may be a promising therapeutic approach for vascular diseases such as atherosclerosis.
Conclusion
previously unknown pathway composed of ROS, PI3K/AKT and EndMT that are all involved in the regulation of endothelial injuries. However, it is likely that the effects of LIPUS are mediated by multiple mechanisms in addition to the PI3K/AKT pathway, and further investigations are required to unveil other possible mechanisms. LIPUS alleviated the migration of mesenchymal-like cells which is associated with MMP proteolytic activity and collagen production.
